A common technique for the long term storage of tissues in hospitals and clinical laboratories is preservation in formalin-fixed paraffin-embedded (FFPE) blocks. Such tissues stored for more than five years have not been useful for proteomic studies focused on biomarker discovery.
INTRODUCTION
Parkinson's disease (PD) is the second most common neurological disease after Alzheimer's disease. PD is characterized by a selective degeneration of dopaminergic neurons in the substantia nigra pars compacta and by cytoplasmic inclusions (Lewy Bodies) where specific proteins are stored like the α-synuclein 1 . The clinical symptoms are severe motor dysfunctions, including rigidity, postural imbalance, slowness of movements, and uncontrollable tremor. Mutations in genes encoding α-synuclein, parkin and ubiquitin carboxy-terminal hydrolase L1 (UCH L1) have been identified in sporadic familial forms of PD 2 . Several proteomic studies using 2D gel analyses in animal models and humans have identified biomarkers implicated in this pathology 3, 4 , [5] [6] [7] (Table 1 ). In Parkin knockdown models, pyruvate dehydrogenase; NADH ubiquinone oxyreductase 30 kDa, cytochrome c oxydase, peroxiredoxin 1, 2 and 6, lactoylglutathione lyase, vacuolar protein sorting 29, crystalline chain b and heterogeneous nuclear ribonucleoprotein 1 are all down regulated 4 . Similarly, in 6-OHDA animal models 8 , as well as in humans, α-enolase, β-actin, Lasp-1, neurofilament triplet L and M are also down-regulated [3] [4] [5] [6] . In contrast, human peroxiredoxin 2, complexin I, fatty acid binding protein, L type calcium chanel d subunit, mitochondrial complex III and ATP synthase D chain are upregulated 5 . These results have been confirmed by Strey et al. 7 in SOD1 gene studies, where α-enolase as well as HSP25, HSP27, phosphatidyl insitol transfer protein, apoliprotein E and ferritin heavy chain are up-regulated. These contradictory studies for peroxidoxin 2 or profilin show the difficulty to get real biomarkers from these classical techniques. Molecular profiling of proteins and peptides can be performed directly on or near the surface of brain tissue sections with high specificity and sensitivity by utilizing matrix-assisted laser desorption ionization mass spectrometry (MALDI MS). This technique was first introduced by Caprioli et al. 9 and adapted in other studies 10 . The first tissue profiling studies on 6-OHDA Parkinson model have been performed by Per Andrén group 11 . From their studies, calmodulin, cytochrome c, cytochrome c oxydase appear to be down-regulated with the exception of ubiquitin 11 .
In this study, we have been interesting by looking to Parkinson 's biomarkers using 6-OHDA injected rat as model animals. Because brains available for this study has been stored after formalin fixation and paraffin embedding (FFPE) over 9 years more direct strategy was to perform in situ tissue enzymatic digestion prior to analysis. Indeed, formalin fixation induces proteins cross-linking inside the tissue by formation of methylene bridges. If such samples are extremely stables along the time and allow for high preservation of tissue integrity at the ultra cellular level, they raise analytical difficulties by the formation of a global protein network. .
Tissue fixation
Rats were sacrificed 4h after the last drug injection. Their brains were removed and fixed for 40 min at 48°C in 4%paraformaldehyde. The accuracy of the 6-OHDA lesion was checked by immunocytochemistry with an anti-tyrosine hydroxylase antibody according to a previously published procedure 12 . These brain tissue blocks were then stored in a box at room temperature 9 years before used in this experimental plan procedure.
Tissue dewaxing
Tissue sections of 10µm were obtained using a microtome (E.Leitz, Westlard, Germany) and applied onto ITO (Indium Teen Oxided) one side coated conductive glass slides. Paraffin was removed by 2 baths of 5 minutes of toluene and lightly rehydrated with graded ethanol (100°, 96°, 70° and 30°) bathes before drying at room temperature.
In situ Trypsin digestion
For MALDI direct analysis, 2µL of enzyme (trypsin 0.033µg/µL in 25mM Tris buffer pH 7.4) was added at different spots on the tissue to obtain representative proteins/peptides profiles. The digest is performed at room temperature; the tissue is covered with a cap to decrease liquid evaporation. Each 10 minutes, enzyme solution is added on the same spots.
Digestion is stopped by rinsing the tissue with 80% cold ethanol (-20°C) to remove salts. The sections are allowed to dry at room temperature. 30µL of matrix solution (HCCA 20 mg in ACN:H 2 O TFA 0.1% (7:3, v/v) is then applied on the tissue using a micropipette in order to cover the whole tissue section and dried at room temperature.
For MALDI Imaging, Trypsin microspotting: spots of enzyme (trypsin at 0,05 µg/µL in water) were performed using a high accurate position automatic Chemical Inkjet Printer (CHIP-1000, Shimadzu Biotech, Kyoto, Japan). Thus, the whole tissue section was micro-spotted with enzyme following a regular raster of spots of ~200 µm size. The quantity of trypsin was after optimization set to 20 nL by 40 cycles of 500 pL on each spot position in order to cover the surface of tissue. 40 nL of ionic matrix was then spotted on the same position as for the enzyme using 40 cycles of 500 pL. The matrix preparation was described previously (ref 
MALDI MSI
For MALDI-MSI of 9 years stored fixed and paraffin embedded tissues, images were 
Nano LC-nanoESI-IT MS and MS/MS
Analyses were performed on an ion trap mass spectrometer (LCQ deca XP plus, Thermo electron, Manchester, UK) equipped with a nano ESI ion source and on-line coupled to a nano HPLC system. 0.5µL of digest were injected with a Switchos Autosampler (Dionex corporation) and separation performed on a C18 silica bonded stationary phase (75µm i.d., 150mm long, 3µm 100 Å pore size, Dionex). Samples were washed for 2 minutes at 10µL/min with 100% mobile phase A (95% H2O, 5% ACN 0.1% formic acid). Peptides were then eluted using a linear gradient of 1%/min mobile phase B (ACN 80%, H2O 20%, formic acid 0.08%) for 70 minutes at a flow rate of 0.2 µL/min. The LCQ was operated in a data dependent MS/MS mode in which one MS full scan was followed by one MS/MS scan on the most abundant peptide ion. Collision energy was set to 35%. The heated capillary temperature and electrospray voltage were 160°C and 1.5kV respectively.
Protein identification was performed under MASCOT sequence query search program using SwissProt database filtered for the taxonomy "Rattus norvegicus". A tolerance of 2 Da for peptide and 0.8 Da for MS/MS was set. Only protein sequences with MOWSE score higher than 36 (indicating significant homology or identity) and identified in several samples representing at least 2 significants MS/MS were considered. Methionine oxydation and acetylation of Nterminal were defined as variable modification.
RESULTS AND DISCUSSION
Brain tissue blocks of five 6-OHDA treated versus 5 untreated rats where systematically studied and compared for biomarkers hunting. The FFPE brains had been stored for 9 years before use in the present report. Formalin fixation provokes the formation of protein-nucleic acid and protein-protein cross-linking in the intracellular environment arising from the reactivity of formaldehyde with the side-chains of lysyl, argininyl, tyrosyl, aspartyl, histidyl, and seryl residues 13 . The methylene bonds are difficult to break without destroying peptide backbone. To solve this problem, we used endopeptidases directly on tissue sections to break down the protein network and retrieve digestion peptides that can also be used for protein identification.
In a first strategy, digestion of the whole tissue section followed by extraction of the resulting solution form the tissue, purification, separation and analysis on a nanoLC-nanoESI-IT system is used. By plotting intensity vs. retention time vs. M/z differences between our two physiological states can easily be observed. Comparison of nanoLC profiles from Parkinson animal models compared to controls reflects the presence of numerous proteins among which most are common and a few of them are specific to each condition has exemplified by the plots presented Figure 1 . For each peak observed on the TIC chromatogram an MS is performed followed by MS/MS on the most abundant ions. More than 100 hundreds proteins can be identified for each type of samples using this method. Among all the identified proteins some of the proteins are known to be present a low concentration. Interestingly, such FFPE tissue seem to bring an easier access to lowly abundant proteins than samples stored frozen without treatment, probably because the protein cross-linking network render some proteins more accessible that they are in the normal tissue.
In a second step we were interested by comparing the results of the classical proteomic "Bottom-up" approach with the direct analysis by MALDI. MALDI direct analysis of the tissue after digestion allows for identifying several proteins by peptide mass fingerprint and confirmation of the modulation of the previously identified proteins. As given in example in Figure 2 for Neurofilament Triplet M protein is clearly observed in the control samples whereas this protein is almost not observed in the 6-OHDA treated samples. (Table 1 ). 6-OHDA is known to inhibit the mitochondrial transport chain and this, along with the resulting production of reactive oxygen species contributing to neuronal death 14 . This agent appears to induce neuronal death by activating transcription as well as DNA repair enzymes 15 . When activated, the signal transcription pathways initiated by PERK and IRE1a induce a characteristic set of genes encoding ER chaperones and nuclear transcription factors that lead to reduction of ER stress or to death 16 .
Based on these data, comparison of the proteins present or absent in both conditions revealed the presence of specific proteins which have been identified in the Parkinson model, such as Hexokinase (2-7-1-1), Neurofilament M protein, Peroxidoxin 6, F1 ATPase and α-Enolase (Tables 1 and 3 ).
Neurofilament M protein has been described as down-regulated 17 5 and its down regulation is correlated with decreased mRNA during the disease and is dependant upon disease severity 17 . Our results using direct analysis of FFPE tissues support these findings.
Due to 6-OHDA treatment provoking oxidative stress, several molecules have been found to be up-regulated under these conditions, such as Peroxydoxin 6, known as an anti-oxidative protein.
Similar results where found Strey et al. 7 using classical proteomic studies. In contrast, peroxydoxin 2 is described as being down-regulated in the parkin knockout model but is upregulated in human
Parkinson's disease studies. These data reaffirm the need to consider multiplex biomarkers for pathology. α-enolase was also increased in our study as previously observed elsewhere in the case of Parkinson's or Alzheimer's disease 3, 7 ). This molecule is known to be the target of specific oxidation or nitrozation 3 . We also observed upregulation of F1 ATPase as previously demonstrated by Seo et al.
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The ubiquitin complex was observed to be upregulated in our study on FFPE tissue as shown by Pierson et al.
11
. It is known that high levels of ubiquitin and ubiquinated proteins are present in Lewy bodies indicating that protein degradation is impaired in PD .. In adult brain, it is known that expression of CRMPs is dramatically down regulated 22 . In our study, an increase in of CRMP2B in 6-OHDA treated animals has been observed which is in agreement with previous molecular data. 23 . To go deeper inside the understanding of the role CRMP2 we have consecutively performed MALDI Imaging of CRMP2 in the 6-OHDA treated samples to obtain the localization of the protein. . It has been hypothesized that these proteins are positive mediators of DA-induced neuronal apoptosis in PD. In PD, nigral neuronal death could be due to excessive oxidative stress generated by auto-and enzymatic oxidation of the endogenous neurotransmitter dopamine (DA), the formation of neuromelanin and the presence of high concentrations of iron. DA toxicity is mediated through its oxidative metabolites, whereas thiolcontaining antioxidants provided marked protection against DA toxicity, ascorbic acid accelerated DA-induced death. In Alzheimer's disease, the CRMP-2 is know to be implicated in neurite degeneration, acting on the assembly and polymerization of microtubules 26 .
Accumulation of Sema3A overlaps the appearance of phosphorylated MAP1B and tau in many neurons, suggesting that Sema3A signaling at some level may be coupled to these previously It is proposed that structural changes in any one or combination of these factors in response to heat shock may contribute to the age-associated attenuation in response to stress 28 . These results are in agreement with the fact that 6-OHDA treatment provokes a down regulation of the eEF1. Moreover, 6-OHDA provokes an oxidative stress stimulating HSP expression as demonstrated by Strey at al. 7 and as it is down regulated in these conditions. Finally, eEF1 is present in the dendrites of neurons that exhibit synaptic plasticity and its translation is locally regulated 29 . In the hippocampus, the dendritic mRNAs is highly expressed in cell bodies and is also concentrated in the zone of termination of commissural/associational afferents in the inner molecular layer, suggesting that mRNA localization is in some way related to the distribution of different types of synapses 30 . In the case of the 6-OHDA model, this treatment provokes a decrease of synaptic plasticity and thus a down regulation of eEFI levels.
In conclusion, using nine year old FFPE tissues, we confirmed that molecules acting in oxidative 
